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Verifying that the input image comprises the object when the signature of the amended
input image comprises the at least one certain first image 1dentifier 8049
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Receiving or generating an input image 8052

Generating a signature of the input image 8054

Searching in the signature of the input image for at least one of (a) the at least one
certain first image identifier, and (b) the certain second image identifiers 8056

Determining that the input image comprises the object when the signature of the input
image comprises the at least one of (a) the at least one certain first image identifier, and
(b) the certain second image identifiers 8058
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Receiving or generating a video stream that includes a sequence of images 8071

Generating image signatures of the images. Each image is associated with an image
signature that comprises identifiers. Each identifier identifiers a region of interest
within the image. 8073

Generating movement information indicative of movements of the regions of interest
within consecutive images of the sequence of images 8075

Searching, based on the movement information, for a first group of regions of interest
that follow a first movement. Different first regions of interest are associated with
different parts of an object 8077

Linking between first identifiers that identify the first group of regions of interest 8078

Determining whether an input image includes the object based, at least in part, on the
linking 8079
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Receiving or generating an input image 8102

Generating a signature of the input image. §104

Comparing the signature of the input image to signatures of a first concept structure.
The first concept structure includes first identifiers that were linked to each other based
on movements of first regions of interest that are identified by the first identifiers.
8106

Y

Determining that the input image includes a first object when at least one of the
signatures of the first concept structure matches the signature of the input image §108
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Generating a signature of the input image. 8114

Searching in the signature of the input image for at least one of the first identifiers
8116
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Receiving or gencrating images of objects taken from
different angles 8122

Finding images of objects taken from different angles that
are close to each other 8124

Linking between the images of similar signatures. 8126
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Receiving or generating signatures of a group of test
images 8203

A 4

Calculating the object detection capability of the
signature, for each signature matching criterion of the
different signature matching criteria 8204

4
Selecting the signature matching criterion based on the

object detection capabilities of the signature under the
different signature matching criteria. §206

Determining each signature matching criterion by evaluating
object detection capabilities of the signature under different
signature matching criteria 8202
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of a concept structure. 8214
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matches any of the signatures of the concept structure
based on signature matching criteria, wherein cach
signature of the concept structure is associated within a
signature matching criterion that is determined based on
an object detection parameter of the signature 8216
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outcome of the determining 8212
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Determining to add a new signature to the concept
structure. The concept structure may already include at
teast one old signature. The new signature includes
identifiers that identify at least parts of objects
8222

Determining a new signature matching criterion that is
based on one or more of the identifiers of the new
signature. The new signature matching criterion
determines when another signature matches the new
signature. The determining of the new signature matching
criterion may include evaluating object detection
capabilities of the signature under different signature

Receiving or generating signatures of a group of test
images 8203

Y

Calculating the object detection capability of the
stgnature, for each signature matching criterion of the
different signature matching criteria 8204

A 4
Selecting the signature matching criterion based on the

object detection capabilities of the signature under the
different signature matching criteria. 8206

Determining each signature matching criterion by evaluating
object detection capabilities of the signature under different
signature matching criteria 8202
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CONCEPT UPDATE AND VEHICLE TO
VEHICLE COMMUNICATION

CROSS REFERENCE

This application is a continuation of PCT/IB2019/058207
filing date Sep. 27, 2019 which in turn claims priority from
U.S. provisional Ser. No. 62/747,147 filing date Oct. 18,
2018.

This application claims priority from U.S. provisional Ser.
No. 62/827,121 filing date Mar. 31, 2019 both incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to detecting and
avoiding obstacles in an autonomous driving environment.

BACKGROUND

Assisted and autonomous driving systems are known in
the art. In such systems, computer implemented systems
control (at least to some extent) some, or all, of a vehicle’s
driving functions, e.g., speed, telemetry, braking, etc. The
vehicle is typically equipped with one or more sensors, e.g.,
a camera, to provide the system with current information
regarding the driving environment. The current information
for the driving environment is typically used by the driving
system to determine how to drive on roadways according to
road maps stored on the vehicle.

SUMMARY

A method for a concept update, the method may include
detecting that a certain signature of an object causes a false
detection; the certain signature belongs to a concept struc-
ture that comprises multiple signatures; wherein the false
detection comprises determining that the object is repre-
sented by the concept structure while the object is of a
certain type that is not related to the concept structure;
searching for an error inducing part of the certain signature
that induced the false detection; and removing from the
concept structure the error inducing part to provide an
updated concept structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the disclosure will be understood
and appreciated more fully from the following detailed
description, taken in conjunction with the drawings in
which:

FIG. 1A illustrates an example of a method;

FIG. 1B illustrates an example of a signature;

FIG. 1C illustrates an example of a dimension expansion
process;

FIG. 1D illustrates an example of a merge operation;

FIG. 1E illustrates an example of hybrid process;

FIG. 1F illustrates an example of a first iteration of the
dimension expansion process;

FIG. 1G illustrates an example of a method;

FIG. 1H illustrates an example of a method;

FIG. 11 illustrates an example of a method;

FIG. 17 illustrates an example of a method;

FIG. 1K illustrates an example of a method;

FIG. 1L illustrates an example of a method;

FIG. 1M illustrates an example of a method;
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FIG. 1N illustrates an example of a matching process and
a generation of a higher accuracy shape information;

FIG. 10 illustrates an example of an image and image
identifiers;

FIG. 1P illustrates an example of an image, approximated
regions of interest, compressed shape information and image
identifiers;

FIG. 1Q illustrates an example of an image, approximated
regions of interest, compressed shape information and image
identifiers;

FIG. 1R illustrates an example of an image;

FIG. 1S illustrates an example of a method;

FIG. 2A illustrates an example of images of different
scales;

FIG.
scales;

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

2B illustrates an example of images of different

2C illustrates an example of a method;
2D illustrates an example of a method;
2E illustrates an example of a method;
2F illustrates an example of a method;
2G illustrates an example of different images;
2H illustrates an example of a method;
21 illustrates an example of a method;

FIG. 2] illustrates an example of a method;

FIG. 2K illustrates an example of different images acqui-
sition angles;

FIG. 2L illustrates an example of a method;

FIG. 2M illustrates an example of a method;

FIG. 2N illustrates an example of a system;

FIG. 3A is a partly-pictorial, partly-block diagram illus-
tration of an exemplary obstacle detection and mapping
system, constructed and operative in accordance with
embodiments described herein;

FIG. 3B is a block diagram of an exemplary autonomous
driving system to be integrated in the vehicle of FIG. 3A;

FIG. 3C is a flowchart of an exemplary process to be
performed by the autonomous driving system of FIG. 3B;

FIG. 4 is a block diagram of an exemplary obstacle
avoidance server of FIG. 3A;

FIG. 5 is a flowchart of an exemplary process to be
performed by the obstacle avoidance server of FIG. 4;

FIG. 6 is an example of a method;

FIG. 7 is an example of a method;

FIG. 8 is an example of a driving scenario;

FIG. 9 is an example of a driving scenario;

FIG. 10 is an example of a driving scenario;

FIG. 11 is an example of a method;

FIG. 12 is an example of a method;

FIG. 13 is an example of a method;

FIG. 14 is an example of a driving scenario;

FIG. 15 is an example of a driving scenario;

FIG. 16 is an example of a scene;

FIG. 17 is an example of a scene;

FIG. 18 is an example of a driving scenario;

FIG. 19 is an example of a method;

FIG. 20 is an example of a method;

FIG. 21 is an example of a method;

FIG. 22 is an example of a driving scenario;

FIG. 23 is an example of a driving scenario;

FIG. 24 is an example of a driving scenario;

FIG. 25 is an example of a driving scenario;

FIG. 26 is an example of a driving scenario;

FIG. 27 is an example of a driving scenario;

FIG. 28 is an example of a method;

FIG. 29 is an example of entity movement functions;

FIG. 30 is an example of a method;

FIG. 31 is an example of a method;
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32 is an example of a method;
33 is an example of a method;
34 is an example of a method;
35 is an example of a method;
36 is an example of a driving scenario;
FIG. 37 is an example of a method;
FIG. 38 is an example of a method; and
FIGS. 39-44 illustrate various data structures including a
concept, test images and matching results, as well as various
processes related to the data structures.

FIG.
FIG.
FIG.
FIG.
FIG.

DESCRIPTION OF EXAMPLE EMBODIMENTS

The specification and/or drawings may refer to an image.
An image is an example of a media unit. Any reference to
an image may be applied mutatis mutandis to a media unit.
A media unit may be an example of sensed information. Any
reference to a media unit may be applied mutatis mutandis
to a natural signal such as but not limited to signal generated
by nature, signal representing human behavior, signal rep-
resenting operations related to the stock market, a medical
signal, and the like. Any reference to a media unit may be
applied mutatis mutandis to sensed information. The sensed
information may be sensed by any type of sensors—such as
a visual light camera, or a sensor that may sense infrared,
radar imagery, ultrasound, electro-optics, radiography,
LIDAR (light detection and ranging), etc.

The specification and/or drawings may refer to a proces-
sor. The processor may be a processing circuitry. The
processing circuitry may be implemented as a central pro-
cessing unit (CPU), and/or one or more other integrated
circuits such as application-specific integrated -circuits
(ASICs), field programmable gate arrays (FPGAs), full-
custom integrated circuits, etc., or a combination of such
integrated circuits.

Any combination of any steps of any method illustrated in
the specification and/or drawings may be provided.

Any combination of any subject matter of any of claims
may be provided.

Any combinations of systems, units, components, proces-
sors, sensors, illustrated in the specification and/or drawings
may be provided.

Low Power Generation of Signatures

The analysis of content of a media unit may be executed
by generating a signature of the media unit and by compar-
ing the signature to reference signatures. The reference
signatures may be arranged in one or more concept struc-
tures or may be arranged in any other manner. The signatures
may be used for object detection or for any other use.

The signature may be generated by creating a multidi-
mensional representation of the media unit. The multidi-
mensional representation of the media unit may have a very
large number of dimensions. The high number of dimen-
sions may guarantee that the multidimensional representa-
tion of different media units that include different objects is
sparse—and that object identifiers of different objects are
distant from each other—thus improving the robustness of
the signatures.

The generation of the signature is executed in an iterative
manner that includes multiple iterations, each iteration may
include an expansion operations that is followed by a merge
operation. The expansion operation of an iteration is per-
formed by spanning elements of that iteration. By determin-
ing, per iteration, which spanning elements (of that iteration)
are relevant—and reducing the power consumption of irrel-
evant spanning elements—a significant amount of power
may be saved.
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In many cases, most of the spanning elements of an
iteration are irrelevant—thus after determining (by the span-
ning elements) their relevancy—the spanning elements that
are deemed to be irrelevant may be shut down a/or enter an
idle mode.

FIG. 1A illustrates a method 5000 for generating a sig-
nature of a media unit.

Method 5000 may start by step 5010 of receiving or
generating sensed information.

The sensed information may be a media unit of multiple
objects.

Step 5010 may be followed by processing the media unit
by performing multiple iterations, wherein at least some of
the multiple iterations comprises applying, by spanning
elements of the iteration, dimension expansion process that
are followed by a merge operation.

The processing may include:

Step 5020 of performing a k’th iteration expansion pro-
cess (k may be a variable that is used to track the number of
iterations).

Step 5030 of performing a k’th iteration merge process.

Step 5040 of changing the value of k.

Step 5050 of checking if all required iterations were
done—if so proceeding to step 5060 of completing the
generation of the signature. Else—jumping to step 5020.

The output of step 5020 is a k’th iteration expansion
results 5120.

The output of step 5030 is a k’th iteration merge results
5130.

For each iteration (except the first iteration)—the merge
result of the previous iteration is an input to the current
iteration expansion process.

At least some of the K iterations involve selectively
reducing the power consumption of some spanning elements
(during step 5020) that are deemed to be irrelevant.

FIG. 1B is an example of an image signature 6027 of a
media unit that is an image 6000 and of an outcome 6013 of
the last (K’th) iteration.

The image 6001 is virtually segments to segments 6000
(i,k). The segments may be of the same shape and size but
this is not necessarily so.

Outcome 6013 may be a tensor that includes a vector of
values per each segment of the media unit. One or more
objects may appear in a certain segment. For each object—
an object identifier (of the signature) points to locations of
significant values, within a certain vector associated with the
certain segment.

For example—a top left segment (6001(1,1)) of the image
may be represented in the outcome 6013 by a vector V(1,1)
6017(1,1) that has multiple values. The number of values per
vector may exceed 100, 200, 500, 1000, and the like.

The significant values (for example—more than 10, 20,
30, 40 values, and/or more than 0.1%, 0.2%. 0.5%, 1%, 5%
of all values of the vector and the like) may be selected. The
significant values may have the values—but may be selected
in any other manner.

FIG. 1B illustrates a set of significant responses 6015(1,1)
of vector V(1,1) 6017(1,1). The set includes five significant
values (such as first significant value SV1(1,1) 6013(1,1,1),
second significant value SV2(1,1), third significant value
SV3(1,1), fourth significant value SV4(1,1), and fifth sig-
nificant value SV5(1,1) 6013(1,1,5).

The image signature 6027 includes five indexes for the
retrieval of the five significant values—first till fifth identi-
fiers ID1-ID5 are indexes for retrieving the first till fifth
significant values.
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FIG. 1C illustrates a k’th iteration expansion process.

The k’th iteration expansion process start by receiving the
merge results 5060' of a previous iteration.

The merge results of a previous iteration may include
values are indicative of previous expansion processes—for
example—may include values that are indicative of relevant
spanning elements from a previous expansion operation,
values indicative of relevant regions of interest in a multi-
dimensional representation of the merge results of a previ-
ous iteration.

The merge results (of the previous iteration) are fed to
spanning elements such as spanning elements 5061(1)-5061
™.

Each spanning element is associated with a unique set of
values. The set may include one or more values. The
spanning elements apply different functions that may be
orthogonal to each other. Using non-orthogonal functions
may increase the number of spanning elements—but this
increment may be tolerable.

The spanning elements may apply functions that are
decorrelated to each other—even if not orthogonal to each
other.

The spanning elements may be associated with different
combinations of object identifiers that may “cover” multiple
possible media units. Candidates for combinations of object
identifiers may be selected in various manners—for example
based on their occurrence in various images (such as test
images) randomly, pseudo randomly, according to some
rules and the like. Out of these candidates the combinations
may be selected to be decorrelated, to cover said multiple
possible media units and/or in a manner that certain objects
are mapped to the same spanning elements.

Each spanning element compares the values of the merge
results to the unique set (associated with the spanning
element) and if there is a match—then the spanning element
is deemed to be relevant. If so—the spanning element
completes the expansion operation.

If there is no match—the spanning element is deemed to
be irrelevant and enters a low power mode. The low power
mode may also be referred to as an idle mode, a standby
mode, and the like. The low power mode is termed low
power because the power consumption of an irrelevant
spanning element is lower than the power consumption of a
relevant spanning element.

In FIG. 1C various spanning elements are relevant (5061
(1)-5061(3)) and one spanning element is irrelevant (5061
-

Each relevant spanning element may perform a spanning
operation that includes assigning an output value that is
indicative of an identity of the relevant spanning elements of
the iteration. The output value may also be indicative of
identities of previous relevant spanning elements (from
previous iterations).

For example—assuming that spanning element number
fifty is relevant and is associated with a unique set of values
of eight and four—then the output value may reflect the
numbers fifty, four and eight—for example one thousand
multiplied by (fifty+forty) plus forty. Any other mapping
function may be applied.

FIG. 1C also illustrates the steps executed by each span-
ning element:

Checking if the merge results are relevant to the spanning
element (step 5091).

If—so—completing the spanning operation (step 5093).

If not—entering an idle state (step 5092).

FIG. 1D is an example of various merge operations.
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A merge operation may include finding regions of interest.
The regions of interest are regions within a multidimen-
sional representation of the sensed information. A region of
interest may exhibit a more significant response (for
example a stronger, higher intensity response).

The merge operation (executed during a k’th iteration
merge operation) may include at least one of the following:

Step 5031 of searching for overlaps between regions of
interest (of the k’th iteration expansion operation results)
and define regions of interest that are related to the overlaps.

Step 5032 of determining to drop one or more region of
interest, and dropping according to the determination.

Step 5033 of searching for relationships between regions
of interest (of the k’th iteration expansion operation results)
and define regions of interest that are related to the relation-
ship.

Step 5034 of searching for proximate regions of interest
(of the k’th iteration expansion operation results) and define
regions of interest that are related to the proximity. Proxi-
mate may be a distance that is a certain fraction (for example
less than 1%) of the multi-dimensional space, may be a
certain fraction of at least one of the regions of interest that
are tested for proximity.

Step 5035 of searching for relationships between regions
of interest (of the k’th iteration expansion operation results)
and define regions of interest that are related to the relation-
ship.

Step 5036 of merging and/or dropping k’th iteration
regions of interest based on shape information related to
shape of the k’th iteration regions of interest.

The same merge operations may applied in different
iterations.

Alternatively, different merge operations may be executed
during different iterations.

FIG. 1E illustrates an example of a hybrid process and an
input image 6001.

The hybrid process is hybrid in the sense that some
expansion and merge operations are executed by a convo-
Iutional neural network (CNN) and some expansion and
merge operations (denoted additional iterations of expansion
and merge) are not executed by the CNN—but rather by a
process that may include determining a relevancy of span-
ning elements and entering irrelevant spanning elements to
a low power mode.

In FIG. 1E one or more initial iterations are executed by
first and second CNN layers 6010(1) and 6010(2) that apply
first and second functions 6015(1) and 6015(2).

The output of these layers provided information about
image properties. The image properties may not amount to
object detection. Image properties may include location of
edges, properties of curves, and the like.

The CNN may include additional layers (for example
third till N’th layer 6010(N)) that may provide a CNN output
6018 that may include object detection information. It
should be noted that the additional layers may not be
included.

It should be noted that executing the entire signature
generation process by a hardware CNN of fixed connectivity
may have a higher power consumption—as the CNN will
not be able to reduce the power consumption of irrelevant
nodes.

FIG. 1F illustrates an input image 6001, and a single
iteration of an expansion operation and a merge operation.

In FIG. 1F the input image 6001 undergoes two expansion
operations.
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The first expansion operation involves filtering the input
image by a first filtering operation 6031 to provide first
regions of interest (denoted 1) in a first filtered image 6031'.

The first expansion operation also involves filtering the
input image by a second filtering operation 6032 to provide
first regions of interest (denoted 2) in a second filtered image
6032,

The merge operation includes merging the two images by
overlaying the first filtered image on the second filtered
image to provide regions of interest 1, 2, 12 and 21. Region
of interest 12 is an overlap area shared by a certain region
of interest 1 and a certain region of interest 2. Region of
interest 21 is a union of another region of interest 1 and
another region of interest 2.

FIG. 1G illustrates method 5200 for generating a signa-
ture.

Method 5200 may include the following sequence of
steps:

Step 5210 of receiving or generating an image.

Step 5220 of performing a first iteration expansion opera-
tion (which is an expansion operation that is executed during
a first iteration)

Step 5230 of performing a first iteration merge operation.

Step 5240 of amending index k (k is an iteration counter).
In FIG. 7 in incremented by one—this is only an example of
how the number of iterations are tracked.

Step 5260 of performing a k’th iteration expansion opera-
tion on the (k—1)’th iteration merge results.

Step 5270 of performing a k’th iteration merge operation
(on the k’th iteration expansion operation results.

Step 5280 of changing the value of index k.

Step 5290 of checking if all iteration ended (k reached its
final value—for example K).

If no—there are still iterations to be executed—jumping
from step 5290 to step 5260.

If yes—jumping to step 5060 of completing the genera-
tion of the signature. This may include, for example, select-
ing significant attributes, determining retrieval information
(for example indexes) that point to the selected significant
attributes.

Step 5220 may include:

Step 5222 of generating multiple representations of the
image within a multi-dimensional space of f(1) dimensions.
The expansion operation of step 5220 generates a first
iteration multidimensional representation of the first image.
The number of dimensions of this first iteration multidimen-
sional representation is denoted f(1).

Step 5224 of assigning a unique index for each region of
interest within the multiple representations. For example,
referring to FIG. 6—indexes 1 and indexes 2 are assigned to
regions of interests generated during the first iteration
expansion operations 6031 and 6032.

Step 5230 may include:

Step 5232 of searching for relationships between regions
of interest and define regions of interest that are related to
the relationships. For example—union or intersection illus-
trate din FIG. 6.

Step 5234 of assigning a unique index for each region of
interest within the multiple representations. For example—
referring to FIG. 6—indexes 1, 2, 12 and 21.

Step 5260 may include:

Step 5262 of generating multiple representations of the
merge results of the (k-1)th iteration within a multi-
dimensional space of f(k) dimensions. The expansion opera-
tion of step 5260 generates a k’th iteration multidimensional
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representation of the first image. The number of dimensions
of this kth iteration multidimensional representation is
denoted (k).

Step 5264 of assigning a unique index for each region of
interest within the multiple representations.

Step 5270 may include

Step 5272 of searching for relationships between regions
of interest and define regions of interest that are related to
the relationships.

Step 5274 of Assigning a unique index for each region of
interest within the multiple representations.

FIG. 1H illustrates a method 5201. In method 5201 the
relationships between the regions of interest are overlaps.

Thus—step 5232 is replaced by step 5232' of searching
for overlaps between regions of interest and define regions
of interest that are related to the overlaps.

Step 5272 is replaced by step 5272' of searching for
overlaps between regions of interest and define regions of
interest that are related to the overlaps.

FIG. 11 illustrates a method 7000 for low-power calcula-
tion of a signature.

Method 7000 starts by step 7010 of receiving or gener-
ating a media unit of multiple objects.

Step 7010 may be followed by step 7012 of processing the
media unit by performing multiple iterations, wherein at
least some of the multiple iterations comprises applying, by
spanning elements of the iteration, dimension expansion
process that are followed by a merge operation.

The applying of the dimension expansion process of an
iteration may include (a) determining a relevancy of the
spanning elements of the iteration; and (b) completing the
dimension expansion process by relevant spanning elements
of the iteration and reducing a power consumption of
irrelevant spanning elements until, at least, a completion of
the applying of the dimension expansion process.

The identifiers may be retrieval information for retrieving
the significant portions.

The at least some of the multiple iterations may be a
majority of the multiple iterations.

The output of the multiple iteration may include multiple
property attributes for each segment out of multiple seg-
ments of the media unit; and wherein the significant portions
of an output of the multiple iterations may include more
impactful property attributes.

The first iteration of the multiple iteration may include
applying the dimension expansion process by applying
different filters on the media unit.

The at least some of the multiple iteration exclude at least
a first iteration of the multiple iterations. See, for example,
FIG. 1E.

The determining the relevancy of the spanning elements
of the iteration may be based on at least some identities of
relevant spanning elements of at least one previous iteration.

The determining the relevancy of the spanning elements
of the iteration may be based on at least some identities of
relevant spanning elements of at least one previous iteration
that preceded the iteration.

The determining the relevancy of the spanning elements
of'the iteration may be based on properties of the media unit.

The determining the relevancy of the spanning elements
of the iteration may be performed by the spanning elements
of the iteration.

Method 7000 may include a neural network processing
operation that may be executed by one or more layers of a
neural network and does not belong to the at least some of
the multiple iterations. See, for example, FIG. 1E.
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The at least one iteration may be executed without reduc-
ing power consumption of irrelevant neurons of the one or
more layers.

The one or more layers may output information about
properties of the media unit, wherein the information differs
from a recognition of the multiple objects.

The applying, by spanning elements of an iteration that
differs from the first iteration, the dimension expansion
process may include assigning output values that may be
indicative of an identity of the relevant spanning elements of
the iteration. See, for example, FIG. 1C.

The applying, by spanning elements of an iteration that
differs from the first iteration, the dimension expansion
process may include assigning output values that may be
indicative a history of dimension expansion processes until
the iteration that differs from the first iteration.

The each spanning element may be associated with a
subset of reference identifiers. The determining of the rel-
evancy of each spanning elements of the iteration may be
based a relationship between the subset of the reference
identifiers of the spanning element and an output of a last
merge operation before the iteration.

The output of a dimension expansion process of an
iteration may be a multidimensional representation of the
media unit that may include media unit regions of interest
that may be associated with one or more expansion pro-
cesses that generated the regions of interest.

The merge operation of the iteration may include select-
ing a subgroup of media unit regions of interest based on a
spatial relationship between the subgroup of multidimen-
sional regions of interest. See, for example, FIGS. 3 and 6.

Method 7000 may include applying a merge function on
the subgroup of multidimensional regions of interest. See,
for example, FIGS. 1C and 1F.

Method 7000 may include applying an intersection func-
tion on the subgroup of multidimensional regions of interest.
See, for example, FIGS. 1C and 1F.

The merge operation of the iteration may be based on an
actual size of one or more multidimensional regions of
interest.

The merge operation of the iteration may be based on
relationship between sizes of the multidimensional regions
of interest. For example—larger multidimensional regions
of interest may be maintained while smaller multidimen-
sional regions of interest may be ignored of.

The merge operation of the iteration may be based on
changes of the media unit regions of interest during at least
the iteration and one or more previous iteration.

Step 7012 may be followed by step 7014 of determining
identifiers that are associated with significant portions of an
output of the multiple iterations.

Step 7014 may be followed by step 7016 of providing a
signature that comprises the identifiers and represents the
multiple objects.

Localization and Segmentation

Any of the mentioned above signature generation method
provides a signature that does not explicitly includes accu-
rate shape information. This adds to the robustness of the
signature to shape related inaccuracies or to other shape
related parameters.

The signature includes identifiers for identifying media
regions of interest.

Each media region of interest may represent an object (for
example a vehicle, a pedestrian, a road element, a human
made structure, wearables, shoes, a natural element such as
a tree, the sky, the sun, and the like) or a part of an object
(for example—in the case of the pedestrian—a neck, a head,
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an arm, a leg, a thigh, a hip, a foot, an upper arm, a forearm,
a wrist, and a hand). It should be noted that for object
detection purposes a part of an object may be regarded as an
object.

The exact shape of the object may be of interest.

FIG. 17 illustrates method 7002 of generating a hybrid
representation of a media unit.

Method 7002 may include a sequence of steps 7020,
7022, 7024 and 7026.

Step 7020 may include receiving or generating the media
unit.

Step 7022 may include processing the media unit by
performing multiple iterations, wherein at least some of the
multiple iterations comprises applying, by spanning ele-
ments of the iteration, dimension expansion process that are
followed by a merge operation.

Step 7024 may include selecting, based on an output of
the multiple iterations, media unit regions of interest that
contributed to the output of the multiple iterations.

Step 7026 may include providing a hybrid representation,
wherein the hybrid representation may include (a) shape
information regarding shapes of the media unit regions of
interest, and (b) a media unit signature that includes iden-
tifiers that identify the media unit regions of interest.

Step 7024 may include selecting the media regions of
interest per segment out of multiple segments of the media
unit. See, for example, FIG. 2.

Step 7026 may include step 7027 of generating the shape
information.

The shape information may include polygons that repre-
sent shapes that substantially bound the media unit regions
of interest. These polygons may be of a high degree.

In order to save storage space, the method may include
step 7028 of compressing the shape information of the
media unit to provide compressed shape information of the
media unit.

FIG. 1K illustrates method 5002 for generating a hybrid
representation of a media unit.

Method 5002 may start by step 5011 of receiving or
generating a media unit.

Step 5011 may be followed by processing the media unit
by performing multiple iterations, wherein at least some of
the multiple iterations comprises applying, by spanning
elements of the iteration, dimension expansion process that
are followed by a merge operation.

The processing may be followed by steps 5060 and 5062.

The processing may include steps 5020, 5030, 5040 and
5050.

Step 5020 may include performing a k’th iteration expan-
sion process (k may be a variable that is used to track the
number of iterations).

Step 5030 may include performing a k’th iteration merge
process.

Step 5040 may include changing the value of k.

Step 5050 may include checking if all required iterations
were done—if so proceeding to steps 5060 and 5062.
Else—jumping to step 5020.

The output of step 5020 is a k’th iteration expansion
result.

The output of step 5030 is a k’th iteration merge result.

For each iteration (except the first iteration)—the merge
result of the previous iteration is an input to the current
iteration expansion process.

Step 5060 may include completing the generation of the
signature.

Step 5062 may include generating shape information
regarding shapes of media unit regions of interest. The
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signature and the shape information provide a hybrid rep-
resentation of the media unit.

The combination of steps 5060 and 5062 amounts to a
providing a hybrid representation, wherein the hybrid rep-
resentation may include (a) shape information regarding
shapes of the media unit regions of interest, and (b) a media
unit signature that includes identifiers that identify the media
unit regions of interest.

FIG. 1L illustrates method 5203 for generating a hybrid
representation of an image.

Method 5200 may include the following sequence of
steps:

Step 5210 of receiving or generating an image.

Step 5230 of performing a first iteration expansion opera-
tion (which is an expansion operation that is executed during
a first iteration)

Step 5240 of performing a first iteration merge operation.

Step 5240 of amending index k (k is an iteration counter).
In FIG. 1L in incremented by one—this is only an example
of how the number of iterations are tracked.

Step 5260 of performing a k’th iteration expansion opera-
tion on the (k—1)’th iteration merge results.

Step 5270 of Performing a k’th iteration merge operation
(on the k’th iteration expansion operation results.

Step 5280 of changing the value of index k.

Step 5290 of checking if all iteration ended (k reached its
final value—for example K).

If no—there are still iterations to be executed—jumping
from step 5290 to step 5260.

If yes—jumping to step 5060.

Step 5060 may include completing the generation of the
signature. This may include, for example, selecting signifi-
cant attributes, determining retrieval information (for
example indexes) that point to the selected significant attri-
butes.

Step 5062 may include generating shape information
regarding shapes of media unit regions of interest. The
signature and the shape information provide a hybrid rep-
resentation of the media unit.

The combination of steps 5060 and 5062 amounts to a
providing a hybrid representation, wherein the hybrid rep-
resentation may include (a) shape information regarding
shapes of the media unit regions of interest, and (b) a media
unit signature that includes identifiers that identify the media
unit regions of interest.

Step 5220 may include:

Step 5222 of generating multiple representations of the
image within a multi-dimensional space of f(k) dimensions.

Step 5224 of assigning a unique index for each region of
interest within the multiple representations. (for example,
referring to FIG. 1F—indexes 1 and indexes 2 following first
iteration expansion operations 6031 and 6032.

Step 5230 may include

Step 5226 of searching for relationships between regions
of interest and define regions of interest that are related to
the relationships. For example—union or intersection illus-
trated in FIG. 1F.

Step 5228 of assigning a unique index for each region of
interest within the multiple representations. For example—
referring to FIG. 1F—indexes 1, 2, 12 and 21.

Step 5260 may include:

Step 5262 of generating multiple representations of the
merge results of the (k-1)th iteration within a multi-
dimensional space of f(k) dimensions. The expansion opera-
tion of step 5260 generates a k’th iteration multidimensional
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representation of the first image. The number of dimensions
of this kth iteration multidimensional representation is
denoted (k).

Step 5264 of assigning a unique index for each region of
interest within the multiple representations.

Step 5270 may include

Step 5272 of searching for relationships between regions
of interest and define regions of interest that are related to
the relationships.

Step 5274 of assigning a unique index for each region of
interest within the multiple representations.

FIG. 1M illustrates method 5205 for generating a hybrid
representation of an image.

Method 5200 may include the following sequence of
steps:

Step 5210 of receiving or generating an image.

Step 5230 of performing a first iteration expansion opera-
tion (which is an expansion operation that is executed during
a first iteration)

Step 5240 of performing a first iteration merge operation.

Step 5240 of amending index k (k is an iteration counter).
In FIG. 1M in incremented by one—this is only an example
of how the number of iterations are tracked.

Step 5260 of performing a k’th iteration expansion opera-
tion on the (k—1)’th iteration merge results.

Step 5270 of performing a k’th iteration merge operation
(on the k’th iteration expansion operation results.

Step 5280 of changing the value of index k.

Step 5290 of checking if all iteration ended (k reached its
final value—for example K).

If no—there are still iterations to be executed—jumping
from step 5290 to step 5260.

If yes—jumping to steps 5060 and 5062.

Step 5060 may include completing the generation of the
signature. This may include, for example, selecting signifi-
cant attributes, determining retrieval information (for
example indexes) that point to the selected significant attri-
butes.

Step 5062 may include generating shape information
regarding shapes of media unit regions of interest. The
signature and the shape information provide a hybrid rep-
resentation of the media unit.

The combination of steps 5060 and 5062 amounts to a
providing a hybrid representation, wherein the hybrid rep-
resentation may include (a) shape information regarding
shapes of the media unit regions of interest, and (b) a media
unit signature that includes identifiers that identify the media
unit regions of interest.

Step 5220 may include:

Step 5221 of filtering the image with multiple filters that
are orthogonal to each other to provide multiple filtered
images that are representations of the image in a multi-
dimensional space of f(1) dimensions. The expansion opera-
tion of step 5220 generates a first iteration multidimensional
representation of the first image. The number of filters is
denoted (1).

Step 5224 of assigning a unique index for each region of
interest within the multiple representations. (for example,
referring to FIG. 1F—indexes 1 and indexes 2 following first
iteration expansion operations 6031 and 6032.

Step 5230 may include

Step 5226 of searching for relationships between regions
of interest and define regions of interest that are related to
the relationships. For example—union or intersection illus-
trated in FIG. 1F.
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Step 5228 of assigning a unique index for each region of
interest within the multiple representations. For example—
referring to FIG. 1F—indexes 1, 2, 12 and 21.

Step 5260 may include:

Step 5262 of generating multiple representations of the
merge results of the (k-1)th iteration within a multi-
dimensional space of f(k) dimensions. The expansion opera-
tion of step 5260 generates a k’th iteration multidimensional
representation of the first image. The number of dimensions
of this kth iteration multidimensional representation is
denoted (k).

Step 5264 of assigning a unique index for each region of
interest within the multiple representations.

Step 5270 may include

Step 5272 of searching for relationships between regions
of interest and define regions of interest that are related to
the relationships.

Step 5274 of assigning a unique index for each region of
interest within the multiple representations.

The filters may be orthogonal may be non-orthogonal—
for example be decorrelated. Using non-orthogonal filters
may increase the number of filters—but this increment may
be tolerable.

Object detection using compressed shape information

Object detection may include comparing a signature of an
input image to signatures of one or more cluster structures
in order to find one or more cluster structures that include
one or more matching signatures that match the signature of
the input image.

The number of input images that are compared to the
cluster structures may well exceed the number of signatures
of the cluster structures. For example—thousands, tens of
thousands, hundreds of thousands (and even more) of input
signature may be compared to much less cluster structure
signatures. The ratio between the number of input images to
the aggregate number of signatures of all the cluster struc-
tures may exceed ten, one hundred, one thousand, and the
like.

In order to save computational resources, the shape infor-
mation of the input images may be compressed.

On the other hand—the shape information of signatures
that belong to the cluster structures may be uncompressed—
and of higher accuracy than those of the compressed shape
information.

When the higher quality is not required—the shape infor-
mation of the cluster signature may also be compressed.

Compression of the shape information of cluster signa-
tures may be based on a priority of the cluster signature, a
popularity of matches to the cluster signatures, and the like.

The shape information related to an input image that
matches one or more of the cluster structures may be
calculated based on shape information related to matching
signatures.

For example—a shape information regarding a certain
identifier within the signature of the input image may be
determined based on shape information related to the certain
identifiers within the matching signatures.

Any operation on the shape information related to the
certain identifiers within the matching signatures may be
applied in order to determine the (higher accuracy) shape
information of a region of interest of the input image
identified by the certain identifier.

For example—the shapes may be virtually overlaid on
each other and the population per pixel may define the
shape.
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For example—only pixels that appear in at least a major-
ity of the overlaid shaped should be regarded as belonging
to the region of interest.

Other operations may include smoothing the overlaid
shapes, selecting pixels that appear in all overlaid shapes.

The compressed shape information may be ignored of or
be taken into account.

FIG. 1IN illustrates method 7003 of determining shape
information of a region of interest of a media unit.

Method 7003 may include a sequence of steps 7030, 7032
and 7034.

Step 7030 may include receiving or generating a hybrid
representation of a media unit. The hybrid representation
includes compressed shape information.

Step 7032 may include comparing the media unit signa-
ture of the media unit to signatures of multiple concept
structures to find a matching concept structure that has at
least one matching signature that matches to the media unit
signature.

Step 7034 may include calculating higher accuracy shape
information that is related to regions of interest of the media
unit, wherein the higher accuracy shape information is of
higher accuracy than the compressed shape information of
the media unit, wherein the calculating is based on shape
information associated with at least some of the matching
signatures.

Step 7034 may include at least one out of:

Determining shapes of the media unit regions of interest
using the higher accuracy shape information.

For each media unit region of interest, virtually overlay-
ing shapes of corresponding media units of interest of at
least some of the matching signatures.

FIG. 10 illustrates a matching process and a generation of
a higher accuracy shape information.

It is assumed that there are multipl